INTRODUCTION
Natural gases are classified into two types by their origins; biogenic and thermogenic gases (Fuex, 1977; Schoell, 1983) . The biogenic gases are produced from organic matter in sediments by bacterial decomposition, while the ther mogenic gases are produced from kerogen by thermal decomposition in sediments. Mixing of the two types could occur in sediments and reser voir rocks.
The hydrocarbon compositions and carbon isotopic ratios ("C/"C) of natural gases are measured as indicators of their origins. These two features used as parameters to evaluate the origins were discussed by Colombo (1965 ), Stahl (1974 , Bernard (1978) , Fuex (1977) and Schoell (1983 Schoell ( , 1984 . The origins of gases from many localities in the world were deter mined using the two parameters (Rigby and Smith, 1981; Mattavelli et al., 1983; Faber and Stahl, 1984; Welhan and Lupton, 1987) .
Likewise, Kato (1987) , Waseda and Omokawa (1988) and Sakata et al. (1989) discussed the origins of the Japanese natural gases. However, chemical compositions and isotopic ratios of natural gases could change dur ing migration in sediments. Experimental simula tion and observation of natural gases indicate no large change in isotopic ratio during migration (Fuex, 1980; Schoell, 1983 Schoell, , 1984a . On the other hand, it is known that C2+ hydrocarbons (e.g. C2, C3, i-C4, n-C4) are selectively lost in com parison to methane by the chromatographic effect of sediments during migration (Schoell, 1983) . Mechanisms of the migration were dis cussed by Silverman (1965) and Neglia (1979) . However, there have been few reports presenting the details of compositional change of each hydrocarbon during migration.
We measured hydrocarbon compositions and carbon isotopic ratios of natural gases in the Japanese oil and gas fields. The results will be dis cussed to evaluate the origin (biogenic or ther 
Cd cd CO Cd cd 00 b00 00 0 000 .00 Natural gas samples were collected from several oil and gas fields in Niigata, Akita and Yamagata as shown in Fig. 1 . The depths and the reservoir formations of the samples are listed in Table 1 . Gas samples were collected by the water-displacement method from each gas well. The samples were immediately kept in Pyrex glass bottles at the sampling sites and the bottles were opened just before analysis in laboratory. 
Analytical methods
Hydrocarbon compositions of natural gases were analyzed by gas chromatograph under the conditions listed in Table 2 . A Shimadzu 4CPF (FID detector) and a 8AIT (TCD detector), and a Hewlett Packard 5890A (FID detector) gas chromatograph were used. The gases analyzed quantitatively are: CH4, C2H6, C3H8, i-C4H1o and n-C4H 10.
Methane in each sample was separated by a Shimadzu 4CPF gas chromatograph (TCD detec tor) and introduced by He flow into a CuO-com bustion tube kept at 900°C. The methane was ox idized in the tube to C02 and H20. The water was trapped at the temperature of dry ice-ethanol mixture. The amount of CO2 con verted from the initial CH4 was measured by a mercury manometer. The carbon isotopic ratio (13C / 12C) of the CO2 was measured by a Varian MAT 250 mass spectrometer. The 13C / 12C ratios were expressed in terms of 613C in %o; 6'3C(C1) = 1000 x (R(sample) R(standard)) / R(standard) (R = 13C/'2C) , where PDB was used as standard.
RESULTS
The carbon isotopic compositions of methane and hydrocarbon compositions of the samples are shown in 
DISCUSSION
The hydrocarbon ratios of the samples are shown in Fig. 2 . The C2/C3 ratios of most samples are less than 5.0. Those gases are named "normal gases" . However, some samples (No.
1, 3, 9, 10, 11, 26) show higher C2/C3 ratios than 5.0. These gases have higher C2 / n-C4 and i C4/ n-C4 ratios and lower C3 / i-C4 ratios than do the normal gases. They are named "UHR gases" • : UHR Chemical and isotopic compositions of natural gases 261 C4 and C2/i-C4 ratios are nearly equal in both types of gases. The UHR gases are commonly found in many formations of the Akita and Niigata area. (Yoshino, Higashiniigata, and Kubiki gas fields) ( Table 1) . The samples are plotted in the 813C(C1) against C 1 / (C2 + C3) diagram presented by Bernard (1978) (Fig. 3) . Using this diagram, the origins of many gases in the world have been de termined (e.g., Faber and Stahl, 1984; Waseda and Omokawa, 1988; Sakata et al., 1989) . Since biogenic gases show low o13C(C1) values (-60 80%o) and contain little C2+ hydrocar bons (Rice and Claypool, 1981) , they are distributed in the upper right area of the diagram. On the other hand, as thermogenic gases show high 813C(C1) values (-25 ~ 55%o) and contain much amount of C2+ hydrocarbons, they are distributed in the lower left area of the diagram. Consequently, if mixing of the two types takes place, the mixed gases are plotted be tween them. Thermogenic gases move upward in the diagram as they lose C2+ hydrocarbons without significant change in 6"C(CI) by migra tion. Figure 3 indicates that most samples analyz ed in the present study are of thermogenic origin with a minor contribution of biogenic gases.
The UHR gases are interpretated as migrated (No. 9, 10, 11) or mixed (No. 1, 3, 26) gases on the diagram. It is known that thermogenic gases migrate from relatively deep reservoirs into shallow reservoirs of biogenic gases and form mixed gases (Schoell, 1983) . Since biogenic gases contain little C2+ hydrocarbons, C2+ hydrocar bons in mixed gases are considered as derived from thermogenic gases. The unusual hydrocar bon ratios of the UHR gases are considered to have been caused by migration.
There are three alternative explanations for the difference in chemical compositions between the normal gases and the UHR gases; bacterial oxidation (Lebedew et al., 1969; Colemann and Risatti, 1981) , source materials, and their maturi ty (Stahl, 1974; Rice, 1983) . If one of these mechanisms takes place, however, a variation in 813C(C1) values should be accompanied (Lebedew et al., 1969; Stahl, 1974; Coleman and Risatti, 1981; Rice, 1983) . The 6"C(CI) and Table 1 . C2/C3 profiles with depths of the Kubiki gas field (No. 9, 10, 11), in which the UHR gases are dominated, show a decrease in C2/C3 ratios with depth without any change of VC(CI) values (Fig. 4) . The variation in C2/C3 ratios cannot be explained by the different degree of bacterial ox idation, source materials and their maturities, because these three factors should be accom panied with a change in VC(CI) values as men tioned above. Only migration can explain the variation in C2/C3 ratios without changes of 813C(C1) values. As shown in Fig. 2 , all the UHR gases have higher C2 / C3, i-C4 / n-C4 and C2 / C3 ratios and lower C3 / i-C4 ratios than do the nor mal gases. So, we conclude that the unusual hydrocarbon ratios of all the UHR gases were caused by migration.
As mentioned above, high C2 / C3 ratios of the UHR gases are attributed to migration. This shows that C3 is lost more readily than is C2 dur ing migration. Further, the UHR gases have higher i-C4/ n-C4 ratios and lower C3 / i-C4 ratios than do the normal gases. The C3/n-C4 and C2/i-C4 ratios of both types of gases are nearly equal (Fig. 2) .
The C1/C2 ratios of the samples are shown in Fig. 5 . All the UHR gases show high CI/C2 ratios. It is well known that the mixing of biogenic gas makes C, / C2 ratios higher (Schoell, 1983) . However, migrated gases (members of the UHR gases) with little signature of biogenic gas also show clearly high C1 / C2 ratios. Therefore C2 is thought to be lost more readily than C, dur ing migration. Probably high C1 / C2 ratios of the UHR gases (mixed gases) are attributed to both chromatographic effect by migration and mixing of biogenic gases. 
